The aim of the research was to quantify 13 macro and trace elements in different oat (Avena sativa L.) genotypes depending on the year of cultivation (2011, 2012 and 2013) and crop management practice (conventional or organic), agronomic practice (different N supply) and evaluate the risks regarding Cd, Pb, Cr, Ni, Cu, Zn and Al concentrations and nutritional aspects regarding K, Na, Ca, Mn, Mg, Fe, Cu, Zn and Cr concentrations in oat grain. Elements Cd, Pb, Cr, Ni and Al were detected by electrothermal atomic absorption spectrometry, and K, Na, Zn, Cu, Ca, Mg, Mn and Fe were analysed by flame atomic absorption spectrometry. Cluster analysis showed that genotype and agronomic / crop management practice play an important role in the concentration of macro and trace elements in oat grain. Statistically different concentrations of elements were noticed for Cr, Ni, Zn, K and Mg among the genotypes: for Mn and Fe in grains, grown conventionally or organically, for Cr, Ni, Zn, K and Mg in hulled and naked grain, and for Cd, Pb, Ni, Cu, Al, K, Na and Mg among the study years , respectively, as well as Cr and Zn.
Introduction
Cereal products are included in the base of food pyramid. They provide significant amounts of nutrients and minerals, and therefore are important for balanced diet. According to Poutanen (2012) , the average annual consumption of cereals in the European Union (EU) is 131 kg per capita. Human consumption of oats is rather low. According to the EU Cereals balance sheet for marketing year 2016-2017, the human use of oats in EU countries is 1.1 million tonnes, from the total use of 8.2 million tonnes (EU, 2017).
Due to their particular biochemical composition, oats are considered as ideally suited for the production of healthy products (Martínez-Villaluenga, Peñas, 2017). Whole grains of oats are rich in dietary fibres and therefore are an excellent raw material for healthy foods. The consumption of oats in Nordic and Baltic countries is rather low compared to wheat; however, in Latvia this figure has increased during the last decades (Sahlstrom, Knutsen, 2010) . According to FAOSTAT data (FAOSTAT, 2017, http://faostat.fao.org), Latvia has one of the highest consumption of oats in the world (7.0 kg per capita), followed by Denmark (5.0 kg per capita) and Finland (4.0 kg per capita), Lithuania (3.0 kg per capita) and Estonia (2.0 kg per capita). In the EU, human consumption of oats is 2.8 kg per capita, which is 3.5 times higher than that of barley.
The prerequisite for the production of high quality foodstuffs is a high quality raw material -grain. The results of studies on oats in Latvia confirmed that grain quality indices can be affected by the weather conditions during the growing season, location and genotypes (Bleidere et al., 2012) , meteorological conditions (Zute et al., 2010) and nitrogen management (Brunava et al., 2015) . Therefore development of oat cultivars adaptable to changing climatic conditions and capable of ensuring both stable yields and corresponding grain quality from year to year is the most significant task for oat breeders in Latvia. In the last decade, oat researchers from the AREI have worked in several research projects to clarify which oat cultivars should be recommended for growing in Latvia and which technological elements ought to be applied in oat cultivation to satisfy the requirements of both farmers and processors of oats. The investigation of chemical composition of cultivars and promising breeding lines is the priority of food oat research (Sterna et al., 2015 a) . Naked, less creatively called "hull-less oats", lose their hulls in the field, returning nutrients directly to the soil. They can be rolled without any industrial heat treatment, giving raw, unprocessed and naturally tasty product. The naked oat is now becoming more wide-spread in Latvia because of the opportunity for its different uses. Naked oats are used by small processors to produce a wide range of niche products. 'Stendes Emilija', included in this study, is the first local naked oat cultivar registered in Latvia. Other studies showed that grains of naked cultivars have an excellent biochemical composition -high levels of soluble fibres such as betaglucan (Brunava et al., 2015) , crude protein (Sterna et al., 2016) and high content of α-tocopherol (Sterna et al., 2014) -traits, determining dietary quality of products.
In breeding of cereal cultivars it is important to pay attention both to the characteristics essential for the processing industry and the ability of the cultivars to adapt to the growing conditions. Nitrogen (N) is the most limiting nutrient for cereal production; therefore adoption of good N management strategies often results in significant economic benefits to farmers. In the breeding process it is important to identify genotypes providing high productivity and ensuring grain quality at lower N rates. Organic farming system is best placed to respond to the challenges of effective nitrogen management (Hirel et al., 2011) . It was found that chemical composition of oat grain such as content of proteins and amino acids, β-glucans, lipids, α-tocopherol and total dietary fibres can fluctuate due to different N levels and crop management practices (conventional or organic) applied Sterna, 2015 b) .
From the nutritional point of view, attention is mainly focused on essential macro elements (K, Ca and Mg) and trace elements (Fe, Cu, Mn and Zn) in grain products. Minerals in cereal grain are mostly found in the aleurone layer (Lui et al., 2007; Poutanen, 2012) . Mineral and vitamin deficiencies affect a greater number of the world's population than does protein energy malnutrition. Even though these micronutrients are needed in a minute quantities (i.e. micrograms to milligrams per day), they have a tremendous impact on human health and wellbeing. Insufficient dietary intakes of these nutrients impair the functions of brain, immune and reproductive systems and energy metabolism (Graham et al., 2001; Teklić et al., 2013) .
Some of the trace elements, including Fe, Mg, Zn and Co, are essential micronutrients for biochemical functions in all living organisms. However, the benefits of these micronutrients may be completely reversed at too high concentrations. Some heavy metals, particularly Cd and Pb, have been considered as serious soil and environment pollutants due to their toxicity at low concentrations (Korkmaz et al., 2010) .
The concentration and influence on human health of toxic heavy metals (Pb, Cd and Cr) and essential heavy metals (Ni, Cu and Zn) in agricultural products was briefly analysed in the articles of Pirsaheb et al. (2015) and Teklić et al. (2013) . Pb and Cd have been characterized as very toxic even at low concentrations, Cr is a carcinogen, but it is essential at low concentrations, Ni can be toxic, but normally occurs at very low concentrations, Zn and Cu are needed for human organism.
Zinc (Zn) deficiency causes growth failure and weakened immunity in young children. It also is linked to a higher risk of diarrhoea and pneumonia, resulting in nearly 800,000 deaths per year (World Food Programme, 2017, https://www.wfp.org/hunger/malnutrition/types). Aluminium (Al) is sometimes mentioned as a harmful element too. According to WHO (1996) , tolerable daily intake of Al is 1 mg.
The aim of the research was to determine the concentration of 13 macro and trace elements in different oat genotypes depending on the year of cultivation (2011, 2012 and 2013) , crop management practice (conventional or organic) and agronomic practice (different N supply), and evaluate risks regarding Cd, Pb, Cr, Ni, Cu, Zn and Al concentration and nutritional aspects regarding K, Na, Ca, Mn, Mg, Fe, Cu, Zn and Cr concentration in oat grain. . Soil characteristics met the requirements for oat cultivation. The experimental treatment consisted of three mineral nitrogen (N) rates -N80, N120 and N160 in the conventional growing conditions. Complex mineral fertilizer was used as a basic fertilizer at the rate 725 kg ha -1 (N -80, P -28.6, K -112.4 kg ha -1 ). Nitrogen was split-applied at sowing and at the end of tillering stage (GS 29) of the crop. Ammonium nitrate (N 34%) was used as top-fertilizer: 40 kg of N per ha (N120) and 80 kg of N per ha (N160). The treatments were laid out in a randomized complete block design with four replicates, he plot size was 10 m 2 . Weather conditions. The average air temperature from April to August differed annually ( Table 1 ). The most significant differences (p < 0.05) in temperature were noticed in June, it varied from 13°C (2012) to 17°C (2011 and 2013), while similar temperature in all study years was in August (from 15.5 to 16.6°C). Rainfall differences between the study years were most significant (p < 0.05) in July -it ranged from 36 (2013) to 165 mm (2011). The weather conditions were warmer than the long term average (norm) with occasional heavy rainfalls during the growing period of 2011.
Materials and methods

Description
Description of the studied oats. Oat genotypes were sown with a plot seeder 'Hege 80' (Germany) in a well prepared seedbed at a rate of 500 viable seeds per m². The plot size was 10 m 2 , four replicates. The grain was harvested by a combine harvester 'Hege 140'. Sampling procedure was done according to the ISO 950 Cereals-Sampling (as grain).
Analysis of macro and trace elements. Thirteen macro and trace elements (Cd, Pb, Ni, Cr, Al, Cu, K, Na, Mn, Fe, Zn, Mg and Ca) were analysed in the cereal grain samples (n = 36), provided by the Stende Research Centre and collected during the period of 2011-2013.
Sample mineralization. Grains were ground and 0.5-1.0 g was weighed into the crucible. The crucible was placed into the muffle furnace with a programmable heating. Grain samples were dried for 1 h at 110°C; then the temperature was increased (50°C h -1 ) to 450°C and maintained for eight hours. After that the crucible was removed from the muffle furnace and cooled to room temperature, and 1-3 ml of water was added to the dry residue. This procedure was repeated until light grey or white ash was obtained. Then 2 ml 6 M hydrogen chloride (HCl) was added and evaporated. The residue was dissolved in 25 ml 0.1 M nitric acid (HNO 3 ) (AOAC, 1999 -Determination of lead, cadmium, copper, iron and zinc in foods. Atomic absorption spectrophotometry after dry ashing). The obtained solutions were used for element detection.
Sample analysis. Five elements (Cd, Cr, Al, Pb and Ni) were detected by electrothermal atomic absorption spectrometry (ETAAS) with Zeeman background correction (Perkin Elmer AAnalyst 600, USA) after dry digestion, and eight elements (K, Na, Zn, Cu, Ca, Mg, Mn and Fe) were detected by flame atomic absorption spectrometry (FAAS) (Perkin Elmer AAnalyst 800, USA).
Quality assurance. Analytical performance of the applied procedure was checked by the intra laboratory validation procedure in accordance with the Commission Regulation (EC) No. 333/2007. Relative standard deviation <20% and accuracy within the interval 70-115% was obtained for all elements measured within the current research. Quantification limits of the applied analytical procedure varied between 0.005 mg kg -1 (Cd) and 1 mg kg -1 (K and Na). In addition, the analytical procedure has been successfully checked (z-score below 2) by participation in the proficiency testing rounds organized by the European Union Reference Laboratory.
Human exposure and nutritional value assessment. Calculation of use of grain and grain products in Latvia was done using the data of the Central Statistical Bureau of Latvia about consumption of flour, dough, flakes, bread, pasta, pizza, pastry, etc. per capita in 2015 (CSB, 2015). The calculated human consumption was ~130 g per day per capita. To assess the potential health risk from intake of potentially harmful elements (Cd, Cr, Pb, Ni, Cu, Zn and Al) the values of estimated weekly intake (EWI) were calculated using the formula from ATSDR (2005) 
Results and discussion
Concentration of macro and trace elements in oat genotypes depending on agronomic / crop management practice. Concentrations of macro and trace elements in three oat genotypes depending on agronomic practice (conventional growing with three different nitrogen rates) and organic practice are shown in Table 2 (macro elements) and Lead (Pb) . The highest Pb concentration was in No. Concentration of macro and trace elements in oat grain as influenced by conventional or organic cultivation. The statistical indicators of the concentration of macro and trace elements in oat grain depending on crop management practice are reflected in Table 4 . Higher Cd, Pb, Ni, Cu, Ca, Mn and Fe concentrations were observed in the oat grain grown conventionally.
Concentration of macro and trace elements in
hulled and naked oat grain. Higher Cr, Ni, Cu, Al, Na and Fe concentrations were in hulled grains ('Lizete'), the concentrations of Cd, Pb, Zn, K, Ca, Mn and Mg were higher in naked grain (No. 33793 and 'Stendes Emilija') ( Table 5 ). The concentration of Cr, Ni, Zn, K, Na and Mg differed statistically significantly in hulled and naked grain, which was proved by results of Mann-Whitney test (p = 0.000, p = 0.001, p = 0.010, p = 0.024, p = 0.049 and p = 0.000, respectively). Concentration of macro and trace elements in oat grain depending on year of cultivation and crop management practice. The concentration of Cd, Pb, Ni, Cu, Al, K, Na and Mg in oat grains between the study years varied statistically significantly (Kruskal-Wallis test, p < 0.016) -the concentration range of elements is wide, which means that the weather conditions (air temperature and rainfall, Table 1 ) had an influence on it ( Table 6 Comparison with the data from other countries. The mean and median data for all 36 oat samples, as well as main literature data regarding the data from different regions are reflected in Tables 7 and 8 . In many cases, the concentrations of elements in oat grain samples from different regions are similar to our data. In some cases, the differences are significant. For example, samples from the United Kingdom (UK) contain significantly lower concentrations of Cd, Pb, Cr and Ni, and higher concentrations of Cu (Chapell et al., 2017) . Samples from East regions of Turkey have higher concentrations of Cu and K (Dembiras, 2005), in samples from Poland the content of Na is significantly lower (Rybicka, Gliszczyńska-Świgło, 2017) than in our samples. The variability of Cd, Pb, Ca and Mn concentration in the conventionally grown oat grain was higher than in the organically grown grain. The average concentration of Mn and Fe differed statistically significantly in the organically and conventionally (with different N supply) grown oats, which was proved by the results of the MannWhitney test (p < 0.003). Higher Cr, Zn, Al, K, Na and Mg concentrations were revealed in the organically grown grain, the variability of Cr and Al concentrations was. The average concentration of Cd, Pb, Cr, Ni, Cu, Zn, Al, K, Na, Ca and Mg did not differ statistically significantly in the organically and conventionally (with different N supply) grown oat grain (Mann-Whitney test, p > 0.176).
Risk assessment and nutritional aspects regarding element concentration in oats. To evaluate the health risk regarding Cd, Pb, Cr, Ni, Cu and Zn concentrations in oat grain, the mean concentrations were used for all 36 samples ( Table 9 ). The estimated weekly intake (EWI) was calculated presuming that all weekly consumption of grain (130 g day -1 per 7 days) consists of oat products. Such approach seems acceptable as in the article of Jākobsone et al. (2015) it has been shown that the concentration of heavy elements is low in all grain species grown in Latvia and used for human consumption.
The calculated values of EWI were compared with PTWI of Cr, Ni, Cu and Zn reported in the article of Table 10 indicate that using 130 g oat grain products per day gives little influence on possibility to achieve a limit of PTWI in the case of Cd, Pb, Cr, Ni and Cu. In the case of Zn, the calculated 102% of EWI:PTWI should be significantly lower, if bioavailability of Zn was taken in account. According to WHO/FAO (2004) , in the case of cereal grains the assumed bioavailability for Zn from cereal grains is 15-30% only. To evaluate nutritional aspects due to K, Na, Ca, Mn, Mg, Fe, Cu, Zn and Cr concentration in oat grain, the mean concentration was calculated for all 36 samples. Daily consumption was calculated presuming that all grain products (130 g) consist only of oat products. The calculated data of consumption were compared with recommendations for daily intake issued by the LMH (2013; 2014) and tolerable daily intakes of EFSA (2006) . The highest contribution of oat grain in the recommended intake is remarkable in the cases of Mn, Mg, Fe, Zn and Cr (173, 51, 32-57, 26 and 36.5 % from recommendations of LMH, respectively).
Conclusions
1. Element concentrations in the studied oat grain samples grown in Latvia were mainly similar to those reported by other authors. However, in some cases (Cd, Pb, Cr, Ni, Cu, Na and K) the concentrations were significantly different.
2. The concentrations of Cr, Ni, Zn, K and Mg in oat grain differed statistically significantly between the genotypes.
3. Higher Cd, Pb, Ni, Cu, Ca, Mn and Fe concentrations were determined in oat grain grown conventionally, higher Cr, Zn, Al, K, Na and Mg concentration were in oat grain grown organically. The concentration of Mn and Fe differed statistically significantly in the organically and conventionally (with different N supply) grown oat grain.
4. Higher Cr, Ni, Cu, Al, Na and Fe concentrations were in hulled grain ('Lizete'), the concentrations of Cd, Pb, Zn, K, Ca, Mn and Mg were higher in naked grain (No. 33793 and 'Stendes Emilija'). The concentration of Cr, Ni, Zn, K, Na and Mg differed statistically significantly in hulled and naked grain.
5. The concentration of Cd, Pb, Ni, Cu, Al, K, Na and Mg in oat grain differed statistically significantly between the study years. 
